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Abstract Of JP2002231 820 

PROBLEM TO BE SOLVED: To provide a power 
semiconductor device where on-resistance is low and 
normally -off operation can be performed. 

SOLUTION: A normally-off type MOSFET 40 composed of Si , 
is formed on a normally -on type JFET 20 composed of SIC, 
and the JFET 20 and the MOSFET 40 are electrically 
connected each other so that the normally-off operation can 
be performed using the whole power semiconductor device 



100 and the JFET 20 portion can secure most of breakdown 
voltage. Thus, in the JFET20 composed of SiC, the 
breakdown voltage can be made high. As a result, in 
comparison with the power semiconductor device composed 
of only Si, of the same breakdown voltage, the on-resistance 
can be made low as a whole, and the normally-off operation 
is performed as a whole and thus low power consumption of 
the whole circuit system can be realized. 




64 



BEST AVAIUBLE COPY 



http://v3.espacenetcom/textdoc?PRT=yes&sf=n&FIRST=1 &F=0&CY=ep&LG=en&Da.. 03/1 2/02 











*< 




»J 












4t> 

1*N 






TO 

at 






»« 












VM 
& 








> J 


1^ 


C\ 

Q> 
IB 








41J 

7» 




4« 






IS 


J« 












a* 










+6 


6 












ta 




© 






HR 


-tef 














-44. 














U 


















vr* 


*3 


B 




BP 




IB 






1 












SE 












K> 
























JO 


e 

g: 


0 
0 


e 


1 






s 


0 



















4i » 

o ^ 

- ffi J 

S X» Cv 

Q t: 

« CM ^ 

< S Q 



« IP 

IN ffi 



o G 
o ^ 
o *i 



;H © 1^ 

on ^h ^IsJ 

^ ^ m 

i» S ^ 



o 



1^ 

25 



nn E- 

^ B 
_3 -- 

K» -> ^ 

- 

iSJ * 
1 T 



@ -a 

ts * 

^^^^ 1 o 

J» 19 

* » % 

1 *0 AJ 

I> S u 

^ ^ K» 



— ^ o J) ii o 



3^ 



4f f> .(^ ^ 


46 ^ 














tQ 'S 


IN 




fiC G ^ 


£ -fit AJ 


^ G G 
SI o< 




© 






^ to 






] 


£V 




fff ^ ^ 




^ ^ 5j 


















fN H 


A 


4t 


^ &i ^ 




"iK IN 


t<> 


0 
















■k 


■k 




^ C§ -)ti 


p s s 
^ ^ 


• -k G 






AJ 






-k ^ 






Q 


A 


© 






to 1 S) 


W *o fi ^ 




4t 






1 4^ 








"k &k 




1 


« ^ 1 r<? 


^ % -^f 


:S =^ A 


"W -it^ 


SI 






<^ 


M 














^h jc\ JU "k 


fh \ 


V -k 


fS ^ 


A 








P' ^ 














e€ AJ 


«^ ^ 


0 J 1 


SI H 5* 


k 


IK 






1 ^ 








4§ ^ 






^ ^ 


^ 4t * ^ 


^ -s, =x 


^ 0 Aj 


\^ 








"\ 








► J SI 






-ft :1± ^ 


1 ^ G 




t- ^ 


















ty 


@l 




^ JO? 4^ 


0 "31- bH 


-k 1 


{jj -V ^ 


P- 








^ 1 








1 


~f" 




g| W1 ^ 


^ G ^ 


?l IN ^ 


is S 


) 














s 




1 




^ iS »J 
1 ^ ^ r9 


cj Rq* 


-k P 


C/3 ^ 5^ "V 


-\ 






J-j 










M: © 


^^ 




^ 


^ A 


0 ig :^ ^ 
S ^ 'tf ^ 


% 






±£ 








Q 


© ^ 


© 




5^ -si , 

Q ■H *£i 


^ to ^ 


A -k 




AJ 


Aj 














A 


G "k <rt 


^ ^ -a 


Q A Ifi 




tj 




-k & 






41 


^ © 






o) ^ rf -ft 


^ -ft 


V iH fSt 


Bl -k H> S5 




m 


K? 














© 


?v 


^ £^ fiS ^ 


@ 


^ t3 * 


r\ ^ Q '^ 


CO 


% 












"k 






V 


SS :}$ 


■K- 4ij> 


AJ s a 


-k H S 


0 


s& 














, -k 


A 


r< 


S !S » 

, t« ^ ^ 






1 ^ w K- 






A3 






AJ 






1 


k 




^ ^ ^ 


<W G 1 


?i tiL, Q 


AJ 


@ 






© ^ 




0 






1 


_> 


V ei Eg: 


0 AJ G 


V *i< 5> 


Jy fei CO S 




m 






JO 


on 






Ss: > 




@ 


0 «f AJ 


0 »« t<? 


-3 ^ © 


I S 0 M 


















it 1 






« * I eg 


0 © ^ 


^ m 


% S& S ^ 


•0 




195 














J 




IP G 1> Jl? 


— ttl 


35 a*^ ffi 



) 

^^ 
^ G 
© 



-ft 

© ^ 

it ^ 



^ ^ m 

A 

ii -k «^ 
G * 

IK ^h 1 

^ 

^ » -J^ 
©1 * 

SI tfc 

*j 

I 

G 

G iSSi 
Si G 



is 
A 
>K 
2s 



k V 
1 

\ *« 

N IN 



K8 * ^# C3 2fe 


* aa 


G Sg ^ 




B 




k^ 1 *J 




^ B 


tj 




l^ 




















H 








a BK 0 S 4W 


SI ts 


- iS 








IN 3^ AJ 




13 is 


lO 




« 1? 




- as 


it 










tO 










-ft AJ 


3«? AJ M ^ AJ 


© 


<o k* 


Ifc 


CM 




•k B 






4# 




® ^4 




IS £f 

to w 












k 




* 




■ft 




* 1 flfi » tS u 


1 - 


CS « rS 








A is 1 








B 




%. 




IS 




© 










% 


ffi S 


© 5> a? ^ ^h K» 0 
fiC G ^ » :^ M 




e H, £^ 








k , k 






•ft 




is to 




^ ife 


to 




IS 


















G 






ss 




V AJ V 










. k^ 










3- 




G 






® 




it 


^ mm 


f» - ^ ^ H ^« 


«^ «i 


^ it *J 


IN 


to 




i?s 










tk JO 




-ft 










1 






tO 






^ B ss 


^ ® 5 1 » S 


3^ ^ 


ffl » 


•k 


k^ 




IS 3iJ ^g 














1 




es; 




m. . 


it 




k 






® is © 


tS -ni i> ^ -Ytj J9? 




^ e 


A 


AJ 














eg ^ 




-ft 






to 




IS AJ 






^^ 




G 


JO «f . 


, is ^ x: ©1 =s * 




JL! SI V 


k 






w » ^y 




G SI 


EK 




it 4W 




it ^ 


it 




4^ 




AJ sa 






A 




SI 


m ^ m- 


u . m m \ 


G iJ 


H 


© 


1 




e ^" 4^ 






JO 


^ AJ 




» te 










Sg H 


CM 




>K 






^ it 


(+- x^ JLJ k^ 1 I> 




^ \ ^ 








® SI ^tj 




ii? 1 




as 


* »J 




^ it 






-ft 




Si IS 






?. 






^ 


« AJ ^^ -H t: 

^ t« S G G 


8« ^^ -JiiJ 




JO 




S ^ -« 






it 


SI K» 




G » 


CM 








B 




H 




© 


to ■3^ 


to 


at G 14- 


4t 


^J 




G 1 ® 


IP 


B 


AJ 








SI * 








AJ 








ii 




1 


^ k^ to 


^ i$ j^: - ^ © 


^ 






K> 




2^ iJ 




r is 


s 




t ? 




e G 


G 




it 




B * 


ii 




S 




B 


. IS -k 

^ AJ 


^ fig «r 1W ® e 




* « dt 








■fe G §: 








1 




it «^ SI 






S 


H 


IS ;^ 




JO 






is 


a fii! * AJ H a? 


B AJ 


SI B 


St ^ 


^ SI ^ 


it 








B 4tj 




G ^ 


U 








iJ 










U 


^ « 


J- ^ e »j <s * - 


ISIS 


ts * 




*1 it IN AJ » 


1 






@ @ 




•1 » 






© 




•H ® 


G 


H 






-H 


^ e 


1 ^ IS to SI Q( 




) ^ SI 


1 






k ^f• 




k ^i* 


to 




1 


G 




IP 


SI 




S to 




? 




AJ 




*J it «i 


, ^ ^ ^ 


Its ^ ^ 


3^ 


AJ ^ 


^ 1 « 


1 


V -ft 


ii 


k« 


„ » J 


l> 










^ k> 








i 


B » AJ 


© -yu a vo N 1 s 


CT) Q 


© AJ I 


, G 


Ha 


1 


-I' =^ it 






«8 


AJ 


-H 




to iJ 










a- ^ 








H 


9- 


^ ^ ^J 


1S (^^ -ft i> K> 




2^ 


















© 








G 




'-^ ^ 




it 






Sa- ^<? 


IK ^ « ^ 1^ G -k 




8R AJ © 


ii 


G 




1^ 1 ^ 


to 


m ^ 


it 




§T. 




^ IS 






I 




ijS^ ^ ilf 








as 


B iJ" it S <^ A) 


6 tit 


. B JS 




eo 


G 


S -\ St 




B 




S£ k 


B & it 




G 


B 


B IE B ^ 


B 4^ 


B 


tK to 


is IS » to — « « 




AJ :@ ffi^ 


G is 


to 




is 4^ 


AJ 








s 






is « 




CM 


is 




is 


to *> 



g «- 

m 
s 

§ 




i 



S ^ 



^ <=> 




S 
m 






JO 








I 


4» 




w 


to 


^ 1 -R 






>J 






CO 


"\ 


Xj 


AJ 


CX4 




A =v e 






«o 




tO 


0 


IP 










k {y fin 






k» 






S 


it 


AJ 


r}« 


fO 


-ft 


V 1 












lO 


<W 


tH 


H 






-3 ^ 










-ft 




0 


G 


W 




G 


AJ V G 








JO 


0 




0 


fcti 


^ 


-ft 


-M 


it -3 H 






k 


tJ 


•H 


-ft 






CO 




CO 


<H AJ O 








to 


CO 




m 




0 


•fH 




V it AJ 








k 


f 


CO 








CO 


IP 


it 










S! 




it 


@ 


JO 




G 


^ ii <H 






\ 




A 








0 


AJ 


*0 


±2 « < 






■\ 




kt 


IN 


t 


CM 


C4 


tO 


4# 


JO JO iK 








M 




k 




E- 




k» 




ii lO 








i» 








W 


W 


•0 




is: 4to A 








it 








^ 


Cz< 




Iff 


it Sfi 


to 








\ 






►-3 


•-s 




?I 


» {§1 






n 












ii 






^ AJ 






A 


J 














til 


1 »J G 






■k 


E> 




ii 






-•^ 






£> tO lO 


JO 








s 






r\ 


tO 


& 




^ k- k* 


tJ 






tO 




0 


0 


k 




ii 


IP 


G ^^ S: 


lO 










CM 








s 


0 


Ud ^ €1 






s 






E- 










CM 


£ ^2(> IN 










W 








63 


t- 


m ^ ^ ^ 



Q. 

O 
O 

J 

^ 

1 

c 
> 

UJ 

QQ 



S 

Bi W 
« i3 ii 
dUS o 
m U 



I\ O f JU 
•1^ O O lO 
) — CM ^ 



■nj o 

■ft TN 

+? 

S ^ A 
S 1^ -k 
-M 3? ?i 

Z$ O 
^ I 'a* 
CO l^ E-» 

, Ul 

o ii pt, 

o o C/3 



M E- IP 

« w ?» 

) fx. 

•\ 3» »J 

4e ] 

•ttj a> 

® ^ -ft ^ 

■« -H 

r\ -M CO 

o -W A 

A K? XJ 

■k «i ^ , 

% AJ IP 

o % M e 

C4 AJ Q tO 

E- »j m s 

W K> S V 

Ci4 +1N , J5 

O "rs Jg: « e$ 



1 

0 ^ 
% © 



© 

H 1 

PM K» 

© 

M 1 

© 5> 
o U 

CM 
^ CM 



12 m 



^ CO 04 

4a K H 

4£t Un Eb« 

■ft ^ K 



© 

1 V 

n 81& 
H 



1? 

i3 ,^ 

m ^ 

AJ .^^ 

^ H 

fN © 

u m. 

-M AJ 



to a 

© 

ga CM 
H 



►-3. O O CM 



^ CM 



I w 

' > 3« 

O 

ii - 

^ -H J 

« «J - 

E CM „. 

m m ^ 
- 

ffi - 

fcti . - 
m u 

« 2 

4i ^ £ 

-m »n , 

^ OJ BK 

a< o ^ 



o ffi O 

¥ -H 





AJ 








o 
























2g 




1-3 










1 












IN 










^ AJ 




12 


CM 








AJ 


<^ 






W 




CO CM 








m 






40 


** 




cd o 


,CM 






M 






J J 










1^ 








w 






o 


AJ 




W 


CM ^ 


CM 






CO 




s. 








»j 


CO 




3S -^- 












Q 


— 




CM ^ 


m 




9-' 














CM 








VK 1 














J J 






m 










CM 










O 




K 3^ BK 






S! 














m- 
















CM 






H 
















.-^ 


a- » 


CM 




AJ 














o 






% 
















c*- 


u 


















j 








-H 








































CO 




CM 






.^ 
















o 


K? 


















I 










^ 


IS 

IS 










oo 














AJ 






■E 








^ 


AJ 




4*!J Q 


■«^ 














A 










m 








r 










Q 


oJ 




o > 


ij 


1 




t 






CO 


^ 








OO 








AJ 


l^ 


CM 








■H 


<o 




O 


















? 












rO 










CO 




T*> 


m . 










A 


3^ 


?^ 


H 






^^ 


CO iR 








4^ 




^ 






















\K 


A 


IK 


A 


. m 












BK 


{\ 


jyg 












r^I 




m 




© 


?s 


\^ 








U AJ 










415 


!fc- © 




r< 














■f# 




CO 




H 










CM 




vK 










it. 




UK 


•ft 








@ o 


<o 








-V 


H 






— ' 


H 




«l 












A 


% 


•H 




m 






-fe 






CO 




-« -k ^§ 


s 




4y 




H- 








«^ 




•k 


o 


CO 




® 




J 




m 




CM 


?I 










CM -£1 




K> 


4y 






T 


AJ 




V 


CM 




^<? 


IS 




In S 






o 






& 


O IN 


e 




@ 




1 


m 








m 




AJ 


© 


A - 






CO 


o 




*J 


u 


M 


o O 






g$ 


AJ 


3^ 


II 






^ 








O 




l| CM 


m 




K 




© 




s 

































■H CO 

O CM 
CM S 

w K 
fa I 

•-3 > 

, AJ 

«o o 

AJ — 
© ® 

II 

m St 

to ^ 
IP 
> © 

K» 

AJ 
AJ @ 

m A 
e -k 



> 

0 

IP 



^ 2i 



> 

" , «J CM 

4C? AJ H 

1 w 

K? ■6' 

m ^ 

@ S 

« W o 

^ 1^ K» 

JLi 5l ^ 

S OQ A) 

© lu) a 



^# © 

^ O 

-fe CM 

•H H 

CO H 

© fa 

St -a 

a V 



K» -CM 

-ft fa 



CO 



O 1^ 



AJ ^ AJ 

0j C» CM 

m ^ 

«t o BB 

»t o iJ 



s , 

5^ AJ 
A) Ti» 



AJ 

^ O 

SI 

c o e 

45 -H -t. 

•nj c/3 J 

^ l^ 

^ 8t it^ 

JLi! Jtf 45 

£ ^ ^ 

QEC ^ ffl 

AJ AJ 

^ «o -H 

CM CM , — , 

3S ffi 

\ .r< XI 

a> J H 

© > y 

O H? ^ 



£- 


« © 


> 






^ 










> 






CO w 






on 


A 


© 33 01 








CO 


J) 




© 


ft' 


^« 




W 


\J CO 


w 


> 




S S iJt 




1 


m 




II 






0 fa 






bo 




fJ S ffi © 




40 


E- 


CM 


^ 


12 


AJ. 


K? 




fa 


45 ^ 






AJ 


J= o » 














40 


S w 






••-3 




0 © -f^•^J 




IP 


U 






@ 


^ 


K» 






CO 




CO 






+^ ^ 








-N 


<n 


AJ 


AJ 


. 0 




AJ 


> 




K> 0 f\ „ 




ft 


fa 




\P 




CO 








O 




bo 


-f^ 




> -f? © 








bo 


00 


© 


40 S 






m 




45 -H r^ K» 




AJ 


CO 


r< 






1+- 


V 










n 


AJ 




^ AJ SI 




45 


1 


IP 


> 


T3 


0 


AJ , 






AJ 


^ CO it. 40 


1 


>J 


0 


1 


« 


■k 


1? 










U 1 


> 






(ft! e rs 






D. 


»J 




> 


A 


© 




tn 


M. 


K? 


^ , , V 














A 








»0 






m 




Ife ^ -k 








»J 


ttj 




0} 


*J •© 


cn 


> 


K 




m ^ ^ 








Q 


tii 


0 


V 


m 


0 










© 


i£ 


?i A 1 




I® 














> 




1 


AJ 


e S © AJ 


© 




40 


a 




CM 


^ 


V 








**? bo 






o 






u 








@ 


> 


K? ^; 






> 


^ 


K? U 






AJ 


CM 


© 


E- 




0 














■«r 


ba , 


? 












IP 








1 




g ii r<? 






© 


£-> 


0- 


W 


AJ 


CM 


© 


K? 




> 


r< 




fr^ 


S 1 


45 






IP 


1 


K 


e 


AJ iJ 




Q 




A 


© 0 fej -i* 








W 




fa 


CM 


E- 


•H 


40 


*J 




1 




W 


> o > 




© 




£^ 


> 


1 






© 


CO 


1 


-k 


AJ 0 ^ V 




« 


It 


fa 


E^ 


>-T> 


CO 


W 


CO 


^• 






> 




fa 


V ^. , 






ss 




1 


> 








CM 


i> 




CM - ^ 


45 


A 


CO 




W 




^^ 


fa 


ft 


ft 






1 


AJ 


CO 










© 




1 


> 


A 3i 






Q 




to -jH 0 -jy 




■k 


bo 




fa 






•-3 




AJ 


© 


-h © 




t<? 


o 


1§ W C3 


•0 




m 




1 


A 


A 


■k is S 


@ 


0 


CM 


^^ - * 






> 




CO 










t} 


^ o 


1 


■V- 




fa TT 








Z5 




V 


OQ 




5g 




CM 


E- 


S S H: 








^ 


0 


AJ 


1 








as 


ig ir> 




AJ 




O CO E-i 




-CM 


e 




© 




bo 


a A 


A 


) 




W 


K » © ^ 




AJ 




AJ 




0 


> 






^ 




^ IS 






40 


A O W 










0 




> 


0 -k 


V 






fa 


1 * -H V 


■ft 




\ 


•@ 


ft 


V 




AJ 


1 




> 


A ^ 


01 


CD 


AJ 


CO S fa 






0 




0 






© 




© 


fa 


•-a 


> 1 to 








4$ 


CO 


CO 


40 


l« 










S 


a 


Q 


bfl , CO 
















E- 0 










AJ Cv ft -Jlf) 


© 


y> 


CM 


r\ 




bo 


AJ 


Si 






o 


, I 


> 


> 




fi AJ O 


V 


CM 


m 


© 


U 


CO 


CM 


W 


© 


CM 












CM 


+t 


> 




© 


a 




CM 




t 


i( 


> ■ K> S 


J) 






0 


m > 


0 


fa E-" 








AJ 




CO 


Si 








> 












o , 




tio 


CO 




AJ 


0 0 d4 


1 




CO » 




w 




40 fif © 


4 


i3 












Q 


•H 










B 




^ 5S? 40 M 










bo 




0 fa 


E- 


fa 


0 




» AJ Sf 


AJ 


tO ^ 


0 


© 


t9 




CO 


4 



8- 



ft AJ 

^ IS 

II 

3^ CM 

© AJ 



3a- ^ 

ffis CM 

is K> 

AJ «£> 



tQ _ 
AJ 

AJ 

* ^J 
, 

ft AJ 



V © 
. Si 

IP » 
© 
-1^ 1 

m. ^ 
m ^ 

© AJ 

© 

-14 ! 
I J 

CO K 

- ^ 

<= K 

o «i 

" A 



m 
m 
© 
. m 

40 

ft ^ 

- AJ © 
K? K> <^ 

^ -!4 

<0 @ ^ 
ft ^ 
^ *1 

E o 
It *fc o 
» » " 



IP 
ft 

AJ AJ 
tJ U 

-f* -k 
Ifc ^ 

m -w 
11 ^ 



•«j © 

o « 

« ^ .. 

a? rQ N CM 

^5 -k ^ ® 

as AJ *g 

. ^ ^9- -E 

i5 45 K E 

^ 4W *a 41 

1? 5€ A » 

i± fi? -k * 

» V - 

* ^ ilR 

ss . , 

IS as -f* V 









4^ 


ad -k !S V 




r< 


-W S B 






ft ^ 










^ 1^ tffl 


0 


1 


© r< 




s: 


« m 










© :at 4; 




> 


S? J 




CO 






@ 


© 


^ .1? » 4y 






S > 




+< 










1 


3^ §E ^ - 


W 


0 


, . If 










© 


tQ 


M 


> © , CM 


fa 


CO 


31 bo 






0 






-k 


■rt 


0 ^ 3i S 


CO 


th 


0 > A 
















0 ig.o 4^ 


0 g 


tQ *J V 




ft 






© 




Ml 


CO Q c:> @ 




J- 


Hd 






CM 










© 0 - , 


© 


1 


s e ^ 






0 — 




P 




@3 0 ^ AJ 




t> 


4» rQ . 




n 


0 










m « 0 


li 


tQ 


AJ 45 « 




0 '— ' 








•k 


M © CM 


45 


-Wl > 




0 


ft 




1^ 


@ 




^ M » E- 


45 


S 


« ^ 


tQ 














44 ^ w 


•ttJ 




^^ S HJ 


k> 












*J , 


. 1 


? 


& 


m u ti 


AJ 










^ r<?. 


ji r> "-s 




ft 


A 0 tQ 


•O" 












^ k> 




U 




V 45 


> 




0 0 




© 




© «f 


S ! 0 45 -4 


@ 


Jii If -rtJ 






0 




Si 




I ^ 


0 tQ -ytj 


0 




^ @ 






0 fej 






AJ 


^ 4^ 


■j; 4S ^ 


CM 


ft 


. s 






0 




© 






tQ IP tfi 






CM 1 iJ 


tQ 




ft 


0 






0 S 






CO 3~\ CM 


45 






0 






0 4^ @ G 


fa 


AJ » ^ 


0 


4c; ls{ 






i 




" *« S 


»-» 







s IS © 
^ 

^ I] 

t« !^ ? 

Q 4® 41? 

e f = 

5 -rt^ 2i 

^ a t>< 

© a: 

6 9S ft 
- ^ 

s e «v 



© 

SI 
c 

© 



" M - ft o 



7 ^ 

» 6 © 

^ o « 

±< - s 

o o ::t 

CM O 

E-" X CM 

W U3 ft 

o fa ft -rtj 

^ « H: 

^ «5S K> 

-s> 00 ^ ^ 

V 

o o K- ft 

AJ O 4i U 

^ " -H 



45 ^ 
ffi 12 

W © 

S CM 
CM 



K- 

IP 

4JiJ ES& 

AJ e 

CO =1 

CM CI 



1 AJ 

*2 CM 

-E © 

CM -t. 
CM i 

© 

IN O 

n 



r< ft 
tQ . 

ft 



1 

© l> 

©1 © 

c O 

■JtJ II 

45 . 
4U 



AJ lej o CO II Y- 



^ 



01 a 
bo 



- « V 



^ !^ © 

O it CM 

» Efi 



1 > © 

4«5J o 

- tt! CM 

bo E- 

v> g 

45 > r< 

■ttJ 4ljl J 

^ e I 



-t- tQ ^ 



ft 45 i> 

fei ixj « 

135 ^ 

S *f 



© 

rQ CM 
40 E 
\P 



m a> > 

4^ W *J 

& ^ U 

© © 





=55 






I 


. iQ 




eg AJ J a js CO 


11 


CM ft 




@ Sl'« it » » »Q 




A 


m ^ 










SI 


P 






IS 






as 


•J) 40 


■R 












s i> is ® 




© AJ 






IN AJ ^ ^ ^ 


, S! W 


^ 








© 




II 


0 










H 


AJ 






■9? 


© 






, © AJ 1 , 




tQ fj 


"N 




■k ^h * © SI BS 


is 








1 




1 




-w 




@ 




gl 


CM 


In 


^ ft 


fix 




JU 


CM 






5^ AJ -f* 


45 


•k tQ 


ii 


■M 


J B« 1 8^ AJ 




V 




IP -M 


CN 






e 


45 




s- 




tQ 




A 


AJ 








m 






a © AJ © IS !fc 


-k 


AJ ^ 






it IN tl? 1 55 


M 5> *J 


K 


. m 


m ^ 












^H 






k« 


Si 




. »J 






^« 








« rf e !s e *i 


•0 


^ US 


AJ 




> » AD 3^ ^ijl 


« © AJ 


tQ 


tQ t£ 


4S 1 




tQ 




12 




4i? 


m 




^ 






tQ 


© 






AJ © 




it IS tS fiS 


^J 


45 


tQ 


it 


1 31- tQ 50 ^ 

> SI . m u ■ 


it »J ^ 


■k 


40 |g 


0 it -k 


=W 


40 


41? 






IS 


tQ 






ii . 


H 


© k« 


V 








© 




» it . © ss «^ g 






40 0 




» AJ J 


^ 




tQ ,9 V 


45 


V 


m 


@ 










4y 


F3 AJ 


@ 


tQ S: J) 








-e> M 




* AJ — S IN 




« AJ 


^1 tQ 




m. n ,45 


* ^^ -k 




ft © 


40 ^ s^ 


k" 


ft 


m 


it 


w 


© 












40 6 


AJ 




1 


tQ 




I 5h IS ® k^ -k 


^ 


Si! IS 


ft 40 


1 


^ 1 i- c% -nj 


) « V 




AJ tQ 


IP 1 m 


•o 


AJ 


© 








ft 






Q H 




F IN 


4i 




I> 




© 




CN S! e Si ft S A 






AJ IP 




FN ^^ AJ 1 -C^ ^ , 


i> it t^ 


m 


tJ ^ 


ft IN e 




tj 


M 














a ^ 




IN ^ 








it 


V M 




- -i- G If ^ -k 




« it 


U ft 




■k e ^ +^ ^ tQ 






tQ 


AJ x; s 




tQ 


i» 






it 


35 


AJ 






gi 


-k J 


< 




© 




45 i» 




Q 1 - 45 S6 S © 


J> 




iQ AJ 


© 


A ^ J V ft JLi k" 


© ^ R 




S ft 


^J © ^ 






it 






it 








tQ 


A =N 










^ a± 




- i> © it ft! ff 


AJ 






CM 


•k , k s^ 8S ^ AJ 


SI -^J 


I 




tQ CM 








tQ 










© 


it 


"k 


^ I*- 








IS 






6 © » .9 ^ 


© 


@ AJ 


iiti >Q 




W AJ V S S? «0 « 


ffi 45 


V a? 


s « 












tQ 












4W 1 






© 




^ ^ 




© 45 83 ^ e it 




-K rf 




© 


0 ff In » it 2fc © 1 


A 




V © ^f 




m 


© 








© 




© 


GS ^ 

@ CM 


A 


th ^ 




tQ 




1 






S IS *j Jti 51 V » 


tQ 


© K 
H it 




V 


AJ £S M S «S 


-3 






ft 


















40 


« l^ -M EN 




« S ffl -4 ^ 




iiitRS45^AJ«©S 




XJ . 


*J « it 


AJ 


© 


« 
























44 


© 






H S K . If I 4^ 51 




s » <g ^y 


44 


m -jtJ , -hi s »j 


44 SI S 




2i 


44 «^ 


© 




44 




ft 






s- 


IS 


AJ tQ 


H 






ft 








tQ 


^ © U « 5> ftJ 


4y 


© ^ 






G 51- 45 V S S tQ 


^ IN ^ 






n ^ ^ 


Si 










it 


© 




AJ 


2g k- 


ii 


^ U 




AJ 






it ^ 


40 


CO S § it © ff 1 




^ SI 


^' s 


«r3 


S Bl ^ 0 , 4# 


0 ^ AJ 




1 1 


A - SI 


tQ 




CM 






1 






H ^ 






© 


tJ 


0 


{5 45 




0 «9 B ,9 CM 85 i> 


AJ 


as 


© IN 


0 


^ -i. Jg i§ JKJ « *f\ 


- 1 ^^ 




e ^ 


4^ - 


-> 


© 






it 




Si 


tQ 








3i 


ij 


»Q 


0 




* -k 


ft 


0 it tQ ^ S it © 


IS 


6 1 


«Q -k 




Q 1 £S P S ft 


0 «c 




rf V 


-6> 0 I 








© 




CM 




k^ 














0 




SI 


AJ 


0 » -f# SI S » - 




© 5> 


40 1 




U ffl i3 St 


0 it 


© 




V 0 3> 


45 






Si 
















3> S *9 ft} 






»J 


»J 


" * a: g ^ s 


© 


0 © 






ft © S « it it 3? 


" 1 » K? 


*N m 




to it 




6 


© 


© 






Si 


* it 





4«? 



IP 



O ^ 



46 

IP 



G 



! 



)^ ^ ^ 
00 0 05^ ^ 



J 

e 

IS s 

M 

« ^ 

'K- iff 

55! o 



4S 
IP 



m 
m 



- m 

« S it 

" sr 



» G 
* o 
) o 

K> ffl 

G 4« i» 
@ IP 

^ B ^ 

€ H ^ 
m % ) 

© 

A) 

^ ffi „ 

CO 

^ G - 



o 



I 



H O o 

W o-i 

^ CO 

o , 

o f- 

o en w 

<M .tie* 

, O CO o 

SS o O 

1^ CM s m 

^ o o 

G ^ O evj 

gJP ■ csl C3 

Ifc <=> . , ^ 

^ H fti CO 



1^ 

e 



in 

I 




AJ 
















u 




M 












►J 








^§ 








Ui 
















KK 

M 




4?: 




TP 


G 






•-a 
tO 








K> 














M 


s& 


m 




TP 


fc 








32 












m 


% 






m 


^ 


fl? 








41? 




« 








m 




m 


m 




1 


»J 




















© 






m 


1 


■t^ 


o 




CM 








«o 












G 


G 




>h 


















IE 




SSJi 




o 




» J 


1 










GO 




CO 








> 


@ 


o 


O 




D 






K 




N 




N 




© 




o 


G 










?^ 




















o 


IS 


m 


M 


CM 




IK 




IK 




iK 




iK 








<o 












K 












r< 








G 


G 










^ 












*^ 








^ @ 


o 






r\ 


























o 


t 










-« 


lie 






49 


l& 


4S 






Si 






1 






ij 


V 




TP 




V 






IK 












G 




CO 




CO 




CO 




CO 




K 








-s 


-N 


o 


m 




IS 




@ 




e 




@ 


S& 












CM 






















© ^ 


1 








1 




© 




© 




© 




© 










C4 


CO 




1> 




o 




o 




o 




o 




IP 




1 




« a 








CM 




CM 


1 


Csl 


g 


CM 








CN 


1^ " 




•-3 


+^ 








£-• 












«5 Si " 



j s s 



Si 



CO 






o 


G 


CM 






e V 


r// oO 








5XV 




o 


I 














G 


«u 


•H IS 


-ft 




•H IH 5!f it 




G 


AiV ft FN 


"\ 


Pv +? TP 


1 






CO 






o 






CS 




•ft 


G ft AJ 


ITS 


l^ 
















TP 


CO *i 


•H- 




CO 4^ ^ 




CM 


ft -k 


TP 


^ 1 








s 






AJ 


N CO 






OO 




SI , « 


CO 




ft ^ 




G 


CM 




as 




ft 


, ^^ 


OQ 




, 1^ K? ^ 






^ « A 


^f' 


A :^^ IS 




V 












AJ 










CM 


CO 


C AJ 1* 




^ 


fN n 




o 










AJ 








« e« -H G 






iii" A -k 


s« 


•k P- ft 


















O CM 








CO 


G 


^ to CO 




4tJ 


■k o 




CM 


CO 


? 




ft 


fj 


TP ^i: 




TP it IS ^ 




■w 


G -k TP 


it 


*J 1 S2 










a 




o 


CM 




® 1 




-rS 


i 


SI 


AJ ^ E 






A t<? 


u 


CO 










K? 


K » 




B4 G o 




TP 


a H ta 




1^ -N S 










o 






C*3 


X ^ 


] ^ 


V 


(/a 




o. 


CO K 






■k 4S 




it- 






I 






iS? * 






iS? ^ ii »V :i 






£ ^ ttf 




9g W ^ 












JO 






CO 




J) 


G 






ffi 


n 




^ TP 




1 




^ 


Cn 


A3 

s 




it K? 


© 




it «^ -H , 






EI AJ @ 




it m 










CM 


C3 


it 






JJ 




AJ 


AJ 


CO -i- ?s 




I+> 


@ 


■k 


/// 


m 






-^^ 






^ ^ V ^ 




it 


. it S 












o 


o 


CM 












c 


CM 


CM 


® r\ t: 


il 8€ 


AJ 




H 


ij 


-« ft 


ta 


^ ^^^ 












F <H G 


1 


^ ii «^ 




<g 




CM 




CO 






rO 


m ^\ 


1 




<o 






G 












s 




o 


ig 


1 ft 


it 


H 


1 -ft it 2i ^ 






G V-* <o 


3^ 


SI ta ig 








CO 


X 


@ 


« 


G 










CO 


CO 


\K 2 




AJ 










4o 


CM 


te 








)> -H «r p ^ 




) 


»o ^ ft 


G 


^ e G 










in 






0 




L! 


V 








=e s G 
^ fei 


m 


CM 




CO 




4tJ 




CO 


u 


CO 

© 






K c/a ^ G 




i> 


^ S 




) @ »J 








J 








\\ 


^ ^ 




S?s- 








m 


to 


^ G 


^^ 






JO 


m 


H- 








G ii K? -S) 4ijJ 






^ i3 ^ 


£ 






JO 












to 


^ O 


1 


) 


CO 


'«^ 




^ Q m 




CO 




If 






OO 


ii 


1 


AJ 








e -H -fJ 1+- 




G 


ft AJ . 


G 


G W K> 




o 




V 






K- 


•f# 


4tJ -H 


G ^ 




H 






^ ^ ^ 




i 


^ rs 






tj 


CM 




■k 


t<3» 








^ ^h <o j> 






« M 


SI 


CM _i JflO 














*i 




^ W 






m 


/»/ 


H 


^ « s 






B -k 






s 


CO 




V 






ft 




m ^ ^ Hit 






« -w 


A 


ffi AJ TP 




CO 


? 










G 


« ^ 




o 


H 




^ K- 






^ 1 




US 


us? 


1® 


G 








O 




it o '© » 






=^ it , 

» 


■k 


G it ft 




£- 










^ 




^ SI 


G ^ 


m 








?j ^ ^ 




1 


^ 


n 


CO 






^J 








-H 


6« 


<?42 » M . ^ 






\ 


S! <H 






^ 






O 




•H 


S a 










4U 


K- -f# 




3^ 


o ^ 






AJ 


1 








CO 


ii 


^ -gf CO -H K? 






« ^ s 




A , »J 




a 


*) 


CO 


4U 


-H 




cn 


^ G 


CM XJ 






© 




K» 


•H 




CO 1 


ii 








m 






CD r<? 




» 


K? , CO ^ 


OO 




f+> 1 


> 


-k TP 






AJ 


CO 


? 


W 




G 




CO 4# 




CO 








OO 




CO -\ 


o 




CM 




CO 




CO ^ 


^ 




<^ -A^ ft 2i <r> 


CO 


G 




\ 


1 G 






o 


o 




G 




6i 




& < 




o 




11 


*0 -H 


© 


s ^^ •<? 


m 




CO 


2s 


o 


TP 


A 


.o o 






o 4y ft 


o 




it t: 4^ 


"\ 


K? ^ 


o 


AJ 


CM 


o 






© 


c 


ft ^ 


it -Cv 


*> 


. o 


i 


S 


JO ^ eo 




*i » «; 


CO 




fll 


o 


o 


-k 


. o ft 






oftJjK5to«»Kiv 




4to S 




O 


CO 






c 


CM 


G 


4t 7 


«r II 


AJ 








^ -H © 


o. 


AJ 


^ 4u 


e AJ 






o 


TP 


lO — ' U 


m 




^ O M it 1? 






^ ^ M 









B» @ 


© 




*o 


«1 




K- 








as 




CO 




O 


JO 






-k 




I 




E-* 


ft 


»^ 


U3 








CO XJ w w 


it 






TP 




-AJ » 






ft 


o 


■vg CO 




•H 




A 






O 


W 






CO 




ft 




t£ 








JO 


CO 










, ^ Ct. )JL« 


» 


CO 


ii 






r\ ^ G 






CJ 


^ 


© o 


ii 


CO 








© 






Cs 


CO 


no 




CO 


o 


o 




















0 CO CO 


51- 








^ ^ 1 






•H 


6- 


o 2 


o 


© 

SI 












CO 






> 


AJ 




CM 


o 


1 


it 


CO 








.S ii 




P CM 0 0 


G 


4^ 


CiJ 


it 










CO 


u 


o G 


CM 


c 




G 




40 


O 


AJ 






@ 


> 


CM 


CM 


A 




o 




TP 




Si 






0 CM S S 


Si 


416 


C«4 
















Si 


CM 


c 






o 




AJ 


S 


tf^ 


A 








H 








s 










S -ft 




0 e- V +5 


rs 




CO 






•w 1 ^ 






■H 


CO 


M A 


H 


G 




1 


o 




G 




II 


V 


1 


r\ 








i:) 


1 


K> 


^ K? 


m 






S! -S* 




CM w 0 ^h 


■k 




0 


G 




Jgi ^^ « 






TP 


O 


Ss: -k 


Ul 






A 


CM 




o 


AJ 


CO 






-k 


G 




it 


4§ 




-{# 




it 




J> 


, 9- 




. cx. AJ 8£ 


I 










H K> TP 


it 




o 


s 


it 1 


U4 








m 


© 


A 




to 








CO 


CO 








*r> 


TP 






§: 


ii 




0 CO rf ii 


trs 


Si 


JO 


A , 




^ G 






o 




» ^ 


CO 




CM 






o 


aj 




■•-» 






+1 


CM 


O 








ft 


U ft 






•0 ii 


«) 


0 0 « » 


t*- 


w 


E- 


■k 




^ K 












O 


a 




4J? 


it 


o 






> 


0 


m 


o 






) 








A AJ 


1 


G 


ii 


H M 


IP 


- S it ^ 


1 






I 




© *i 


© 












o 


m 






CM 


> 








ft 


TT 






CN 




« 




^ »J 




o 


^ff 




M i£ ft *9 


A 


AJ 




^ 


IK 


^ Si 


Si 






ft 
















TP 






AJ 




E- 




iTv 








CO 






CM 




G 


AJ 






© 


1-3 


I*- 


% 


C« ^ 


@ 


TP 


it 


-H 




js 






! 


m 


6 


AJ g 


m 




W 


1 












TP B 




CM 


4LP 


ii 0 


»J 


it 0 *0 


V 


-Si 




I ^ 


O 


iJ S 






C« 




■s 


o 








it 


x: 




K 




ii 


C«4 


7s 


JO 


g «» 


XJ 


G «si 










K> » CM ft 


^# 


© 




A JO 


O 


eo AI ii 


© 


AJ * 


ii 


16 e 


•€> 
















1 


A 




CO 


© 


o 




6 


f 










© 


a * E- *D -H 


2g 






. © 




S S! S 




►J 


1 


•H 


ii ii 


v 


J 


tt 


V 






> 


A 


> 




© 


O 


O 


V 


© 


*o 


ft 


JO 




ii 




0 


B «9 


ii 


I W ft CO 


IP 


S 

© 






M 




ii 


rO 


Cv 


o 


C3 O 








_5 




1 


A 




1 




AJ 




CM 


09 


tj 


ft 


JO 


»H 




cr> 


CO 




. it 


© 


EN 6^ -H ^ 


© 


it 


^ G 




^ rN G 




■i- 




CM 


S CM 




o 




AJ 


o 


EN 


tn 






o 


CM 




CM 






o 


fj 


G 




B 


o 




ft » 




t; 1-3 CO ft 


-&> 








it 




@ 
















E- 










1 


CM 


CD 


JO 


C-« 




tQ 


CO 




iH 


as ii 






m 


<^ ^ 


© 


« rO ii <J 


42 






TP S 




« i- @ 


it 


m 


03 




ft « 


o 


ft 




W 






> 


o 




CM 






&J 


> 


4# 


^^ 




m m 


o 




it 


J> ft 




- -tf -M 


_i 


4i 




G G 




CM ij H 






CM 






CM 










£S 






© 


£- 






Ct. 




»J 






TP AJ 


CO 






AJ CM 




CO ^ it ei 


4S 




■d) € 


1 


o S i<? 




< 


O 






CM 






CO 








E- 


o 


» 




JO 


CO 




@ 






o K? 


o 




G "5 




0 -ft » K © TP 








O CM 


© 




o 




^ ii 






ft 


O 


+^ 




4S 


W 


CM 




J 


© 


O 




1$ 


1 


r\ 


o 


CM ^ 


o 


ft 


ft 






0 0 -SJ- *» ii 


-ft 


-> 




^ CM g 




H 




■» 




o 




S: 








C4 


CO 










r\ 






o 


CO |Lf 




u 


CM 


© ^ 




^ -H © H 


E- 




m 48 







it 






CO 




B 


J 

CN 






C\ 


G 


49 


@ 


.TP 




B 



1 ^ s^ 

I> ^ 49 

x: as TP 

« 4lfJ G 

ffi 

48 IhI «0 

TP <^ 4^ 

B 1 ^ 



G 

n IS 

CM @ 

- G 

B ^ 

CM G 

CO O 



A m 

^ JO 

S 1 

, © 

o 

o :^ 

-o- A 

?« 

it V 



